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Objective: To discover if limb swelling occurs after successful revascularisation by percutaneous transluminal ngioplasty 
(PTA). 
Design: Prospective Study. 
Setting: Vascular Laboratory. 
Materials: Twenty-five patients with occlusive arterial disease of the lower limb revascularised by percutaneous 
transluminal ngioplasty were studied. 
Chief Outcome Measures: The ankle/brachial pressure index and foot volumes measured by water displacement 
plethysmography were measured before and after PTA. 
Main Results: The volume of the revascularised limb increased by 2% on the first day postangioplasty (p = 0.009) and 
4% on the 7th day (p < 0.001) compared with the contralateral leg. 
Conclusions: Leg swelling is a consequence of revascularisation f the ischaemic limb and occurs in the absence of damage 
to the lymphatic drainage of the limb. 
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Introduction 
Successful revascularisation f the lower limb by 
femoropopliteal or distal bypass is often associated 
with postoperative swelling of the limb. This swelling 
may restrict mobility and can contribute to a compart- 
ment syndrome which may threaten limb viability. 
The mechanism of post-revascularisation limb 
swelling is not fully understood. Damage to lymphatic 
drainage vessels during dissection and the hyper- 
aemic response of revascularised chronically ischae- 
mic tissue are regarded as the two most plausible 
explanations for this swelling) -11 Phlebothrombosis 
has largely been discounted as a contributory 
factor.4,6,8,10A2,13 
If limb swelling after operative revascularisation 
was solely due to lymphatic damage then limbs 
revascularised by percutaneous transluminal angio- 
plasty (PTA) would not be expected to swell after 
revascularisation. The aim of this study was therefore 
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to discover if limb swelling occurs after successful 
revascularisation by PTA. 
Patients and Methods 
Twenty-five patients undergoing successful PTA for 
symptomatic occlusive arterial disease of the lower 
limb were studied. The indication for revascularisa- 
tion was intermittent claudication i 17 cases and rest 
pain or gangrene in the remaining eight. Most patients 
had already been investigated with intravenous digi- 
tal subtraction angiography before admission to hos- 
pital. The median age of the patients was 59 years 
(range 51-86), 13 men and 12 women were studied, 
three diabetics were included. 
Patients were admitted to hospital on the day of 
angioplasty. In the morning before PTA the ankle/ 
brachial pressure index ~4 (ABPI) was measured using 
a hand held continuous wave Doppler and mercury 
sphygmomanometer. The volume of both legs was 
measured using water displacement plethysmogra- 
phy (Fig. 1). The bath was filled with warm water 
(temperature 22-26°C) to the level of the overflow. 
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The limb being measured was lowered into the bath 
until the patient stood flat-footed on the bottom of the 
bath. The subject hen stood still until the water level 
had settled. The volume of water displaced into the 
bucket was then measured. The coefficient of variation 
of this measurement was less than 1% on 20 repeated 
measures. 
Percutaneous transluminal balloon angioplasty 
was performed via the femoral route to the common 
iliac artery (10 cases) or the superficial femoral artery 
(15 cases). 
Before discharge from hospital the morning after 
angioplasty the limb volume and ABPI measurements 
were repeated. Patients returned to the hospital 6 days 
later when limb volumes and ABPI were re-measured. 
At that time all patients were asked whether their 
symptoms had improved following the PTA. 
Statistical Analysis 
The limb volumes were measured in both legs so that 
the non-treated limb could serve as a control to 
eliminate the effect of systemic or postural factors on 
limb volume. The measurements were expressed as a 
ratio of the volume of the treated limb to the control 
contralateral limb. Comparisons were made using the 
non-parametric Wilcoxon test for paired data. Con- 
fidence intervals were calculated using the non- 
parametric Wilcoxon test. 
Results 
All angioplasties were technically successful as deter- 
mined by completion angiography. All patients also 
reported symptomatic improvement in either est pain 
or claudication distance on the 7th post-angioplasty 
day. Symptom improvement was accompanied by a 
rise in ABPI after angioplasty in all but three cases. 
Before revascularisation the median ABPI was 0.6 
(95% confidence limits; 0.49-0.69). This improved to 
0.85 (95% confidence limits; 0.79-0.92) 1 day after 
angioplasty and 0.93 (95% confidence limits; 0.84-1.0) 
6 days later. The median increase in ABPI on the first 
post operative day was 0.25 (95% confidence limits; 
0.13-0.36) and 0.3 (95% confidence limits; 0.19-0.46) 
6 days later (Fig. 2). These increases are both statisti- 
cally significant (p < 0.001, Wilcoxon). 
-Revascularisation by PTA was associated with an 
increase in the volume of the treated limb. Before 
revascularisation the m dian volume ratio (revascu- 
larised l imb/control imb) was 1.0 (95% confidence 
limits; 0.99-1.01). On the first postoperative day this 
had increased to 1.02 (95% confidence limits; 1.0-1.04) 
and on the seventh postoperative day the median 
volume ratio was 1.04 (95% confidence limits; 
1.01-1.07). Thus the median increase in volume ratio 
was 2.1% (95% confidence limits; 0.7-3.4%) on the 
first postoperative day and 4.3% (2.3-7.5%) at day 
seven (Fig. 3). These increases are both statistically 
significant (p = 0.009, p < 0.001 respectivelN 
Wilcoxon). 
Four patients who had themselves noticed limb 
swelling were investigated after angioplasty to 
exclude deep venous thrombosis. One patient under- 
went ascending phlebography and three patients 
underwent colour Duplex scanning, in one of these 
four cases was venous thrombosis demonstrated. 
Fig. 1. Limb volume being measured using the water displacement 
plethysmograph. T e limb is lowered into he water bath displacing 
water into the bucket. The volume of water displaced is then 
measured. 
Discussion 
Limb swelling following operative r vascularisation 
has previously been noted to be maximal at 7 days 
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postoperativel3~ decreasing radually thereafter. 15'16 
Oedema often restricts mobility after evascularisation 
and in some cases may even be severe nough to cause 
a compartment syndrome threatening the viability of 
the limb, 17-19 although this is uncommon in elective 
arterial reconstruction. Patman reported a frequency 
of fasciotomy for compartment syndrome of 0.45% in 
a review of 2000 peripheral arterial reconstructions. 17 
We also found that leg swelling was greater on the 7th 
day than on the 1st day post angioplasty. Four of our 
patients noted that swelling was restricting mobility 
(those investigated to exclude deep venous thrombo- 
sis) but none developed a compartment syndrome. 
The mechanism of limb swelling after revascular- 
isation is not fully understood but lymphatic damage 
during dissection 1-6 and increased capillary filtra- 
tion 7-11 have both been suggested as explanations. 
Postoperative limb swelling in patients under- 
going distal bypass is greater than in those under- 
going bypass to the above knee popliteal artery. 2° This 
may be related to the more extensive dissection 
involved in distal bypass surgery, or alternatively it 
may be because the most ischaemic limbs are more 
likely to require distal bypass. The use of autogenous 
vein is associated with more oedema than when a 
Increase in ABPI 
synthetic conduit is used. 2° This may also be 
explained by the more extensive dissection required 
for vein harvesting, or by the greater use of vein in the 
most ischaemic limbs. 
The amount of swelling has been shown by 
Porter, 1AbuRahma 6 and Vaughan 4 to correlate with 
the extent of lymphatic damage demonstrated on 
lymphangiography. Storen 13 however, found no dif- 
ference in the amount of lymphatic damage between 
oedematous and non-oedematous limbs in a series of 
14 patients following arterial reconstruction. A"lym- 
phatic sparing" operation, where the lymphatics are 
carefully avoided uring dissection, has been reported 
to be associated with less postoperative swelling than 
the "standard" procedure. 4'6 The distribution of 
oedema has been shown (using magnetic resonance 
imaging) to be similar to that found in patients with 
primary lymphoedema. ~5 These findings all favour 
the theory that post-revascularisation swelling is 
primarily due to lymphatic damage at the time of 
surgery. 
The amount of post-revascularisation l mb swel- 
ling has also been shown to correlate with the severity 
8,10 of pre-operative ischaemia (as measured by ABPI). ' 
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Fig. 2. Ankle brachial pressure index changes after angioplasty. The 
scattergram shows the change in ABPI compared with pre- 
angioplasty. The bars depict median values and 95% confidence 
limits. 
! 
Day 1 Day 7 
Fig. 3. Increase in limb volume after angioplasty. The scattergram 
shows the changes in the ratio of revascularised limb volume to 
contralateral limb volume compared with pre-angioplasty. Thebars 
depict median values and 95% confidence limits. 
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Melberg 2~ reported four patients who had no increase 
in either compartmental pressure or limb circum- 
ference when arterial reconstruction had failed. Since 
the lymphatics of these patients were inevitably 
damaged in the same manner as patients with 
successful reconstructions it must be concluded from 
this study that the revascularisation plays an impor- 
tant role in postoperative limb swelling and that 
lymphatic damage is of lesser importance. 
Postoperative phlebothrombosis has been dis- 
missed as the cause of post-revascularisation swelling 
since no correlation between thrombosis on venog- 
raphy and the degree of swelling has been demon- 
strated. 4'6'8"1°'12'13 Hamer 22 stands alone in reporting 
that post-revascularisation edema correlates with 
postoperative venous thrombosis based on a series of 
21 patients. We found no evidence of deep venous 
thrombosis in the four cases with most obvious 
swelling. 
Revascularisation may cause oxygen derived free 
radicals to be released. These damage cell membranes 
by lipid peroxidation and thus increase capillary 
filtration. Soong et al. 23 have demonstrated a correla- 
tion between post-operative oedema nd lipid perox- 
idation. The same group have also shown that 
inhibition of free radical generation using allopurinol 
reduces the amount of post-revascularisation 
swelling. 24 
We have shown that the recorded ABPI increased 
between the first and the 7th postoperative day after 
angioplasty. The explanation for this observation is 
not clear but may be related to the swelling of the limb 
which also increased from days one to seven. As the 
limb swells so the transmission of pressure from the 
pneumatic tourniquet to the vessels being compressed 
will be diminished, and a "falsely" elevated ABPI will 
result. 
It is unlikely that percutaneous transluminal 
angioplasty causes significant impairment of lym- 
phatic drainage from the limb. The methods used to 
study lymphatic drainage are in any case too crude to 
permit useful quantitative analysis and are unpleasant 
for the patient. For these reasons we did not seek to 
confirm by lymphangiography the absence of lym- 
phatic damage following angioplasty. Nevertheless 
we believe our study has provided convincing evi- 
dence to support the view that limb swelling after 
revascularisation is a feature of the revascularisation 
itself and occurs in the absence of damage to lym- 
phatic drainage from the limb. 
Minimally invasive methods of revascularisation 
will not therefore liminate postoperative limb swel- 
ling and attention should be directed towards mini- 
mising the deleterious consequences of revascularisa- 
tion injury. 
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